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INTRODUCTION
0
Use of best manaoeneiit practices and systeas (BMPs) ofe
lost often listed as the best approach to controlling
agricultural nonpolnt source pollution* Sedlnent, Itself
recognized as a major potential pollutant, and the chemicals
adsorbed to sediment are often the primary target for
control by these BMPs; yet an understan^ling of the physical
and chemical processes by which these potential pollutants
move under various environmental conditions is far from
complete. Data from detailed watershed studies are
therefore needed to help define these processes.
This thesis Investigates the runoff and sediment
transport processes for six small agricultural watersheds
located In Tama County in east*central Iowa. The three
separate parts have been or will be submitted for
publication in the Transactions of the American Society of
Agricultural Engineers* The information reported herein
evolved as part of a wore comprehensive study directed at
providing information on water, soil, nutrient, and
pesticide transport processes that occur in intensively-
cropped agricultural areas*
Part I, 'Runoff and sedlndnt transport from a small
agricultural watershed," presents a discussion of the runoff
and sediment loads transported from the six watersheds*
Differences in runoff and sediment loads for less-severe and
severe rainfall events are compared* Tillage and canopy» as
they affect runoff and sedinent delivery, are also
discussed.
Part II, 'Sedinent in transport within an agricultural
vatershed: particle size analysis,* is an investiaation of
the changes in particle size distribution of sediment
transported from the studied watersheds* Changes in the
size distribution of sediment during transport from the
watersheds and daring individual storms and among different
rainfall events are evaluated* Relationships among runoff,
suspended-sediment coBcentrations, and sediment particle
size distributions are presented*
Part III, 'Changes in channel morphology within an
agricultural watershed,* is an analysis of the contribution
of stream channel and bank degradation to the sedinent load
transported from the watershed* Included is a discussion of
the timing of sediment contributed from the channel and the
resultant changes in the channal dimensions*
PART I: RUNOFF AND SEDIRENT TRANSPORT FROH
A SRALI AGRICOLTORAL HATERSHED
Abstract
Sediaent, which is transported from agricultural lands
to surface waters, is recogniied as a potential pollutant of
considerable volume. Development of models to simulate and
predict runoff and sediment transport processes reguire^v data
such as^collected in this study*
Precipitation received and runoff and sediaent loads
delivered from six nested watersheds ranging in size from 5
to 5055 ha« in a heavily row*cropped region in east*central
Iowa, were investigated during 1976-1980. Spatial and
temporal variations in precipitation, which averages 820 mm
annually, were substantial during individual storms. During
1976-1978 and 1980, the watershed in corn, which had disking
as the primary tillage, had more rainfall-runoff than did
the watershed in soybeans, which had moldboard plowing
(chisel plowing in 1980) as tha primary tillage. During
these less-severe rainfall events, the watershed with the
more intensive and/or most recent tillage had the least
runoff. During the severe events of 1979, the volumes of
rainfall-runoff from the two field-sized watersheds were
essentially identical on both a storm and annual basis
though the type, aaount, and tinlng of the tillage and the
percentage and type of canopy cover vere appreciably
different*
The peak suspended-sedlaent concentrations for
Individual sanples collected during runoff preceded or
occurred simultaneously with the peak runoff rates. The
storB-welghted sedliaent concentrations were usually
appreciably greater for the watershed in soybeans (following
corn the previous year) than for the watershed in corn
(following soybeans). However, in 1900, the watershed to be
planted to soybeans was chisel plowed rather than moldboard
plowed and the sedlnent concentrations in runoff fron the
watershed in corn were greater* Total annual sedlnent loss
was greater from the watershed in corn than from the
watershed in soybeans, except during 1979 when the severe
storns occurred and rainfall-runoff from the two watersheds
were comparable- Typically the watershed in permanent
pasture had negligible runoff and sediment losses- Within
the watershed, the sediment load, on a unit-area basis,
decreased when comparing the field to the intrabasin to the
stream locations, and sediment deposition in snail pondage
areas within the fields above the gaging stations was often
substantial*
Introduction
Sedinentf on a total voluae basis* has been recognized
as the leading agricultural nonpoint pollutant o£ surface
waters; and in many instances it is considered the principal
carrier of other nonpcint pollutants (Frere, 1976) •
Sediaent in transport also discolors and degrades the
quality of water for irany consumptive uses. On the average,
OAJt^
probably at least 3.6 x 10*2 of soil material is removed
from "in-place" each year in the United States, transported
by flowing water, and depositei at another location- About
one-fourth of this material, or more than 9.1 x 10** Kg cf
sediment, reaches the major streams of the United States
annually (OSDA, 1969).
The relative magnitude of potential sediment sources
depends on factors that Include slope steepness, slope
shape, soil type, land use, and rainfall characteristics
(Onstad et al., 1977). Factors found to be most closely
related to soil loss and runoff include plant cover and
mulches (Dickinson, 1929; Kittredge, 1954; Duley, 1952),
cropping practices and tillage (Van Doren and Bartelli,
1956; Meyer and Mannerlng, 1961; Laflen et al., 1981),
rainfall variables (Wischmeier, 1959; Rogers et al., 1964),
and slope parameters (Keale, 19 37; Zingg, 19U0).
Section 208 of the Federal Hater Pollution Control Act
Amendments of 1972 (P.L. 92-500) requires that agricultural
sources of nonpolnt pollution be identified and assessed#
and that plans be developed for the control» as feasible, of
such sources* BKPs are being designed to alleviate or
better control erosion and to reduce surface runoff and
sedinent delivered to the nation's waters. Hanagenent of
nonpoint pollution sources for water quality control
requires an understanding of field^-to^stream transport of
sediment, nutrients, and pesticides* Information on edge-
of'field losses of sediment, nutrients and pesticides is
somewhat limited, but information on the field-to-stream
transport of these pollutants is even more limited.
During the 1970s, environiental scientists and
engineers were involved in the development of nathematical
models to simulate natural phenomena. Emphasis was toward
developing models of sediment and chemical transport that
describe the chemical, sediment, and water movement within
an agricultural watershed. Su?h models, when properly
verified or calibrated with detailed data, allow examination
of other conditions or watersheds not monitored. To date
there are limited data sets available that define the
spatial and temporal changes that occur in the field-to-
stream transport of sediment and associated chemicals.
Smith et al. (1978) expressed the need for more
investigations of the dynamic events affecting particle size
distribution and sediment transport and delivery that occur
daring storm runoff and erosion*
During 1976-1980 the Iowa State University Agricultural
Engineering Department^ in cooperation with the
Snvironnental Protection Agency's Environnental Research
Laboratoryr Athens, Georgia, was involved in a project to
evaluate the effect of agricultural runoff and sediment on
stream water quality, with particular emphasis on field-to*
stream processes. This study was conducted in a heavily
row-cropped region of Tama County in east-central Iowa.
Agriculture in this watershed is somewhat typical of the
oajor crop production area in the north-central region of
the United States.
The overall objective of this study was to collect and
analyze data on sediment transport within and from an
agricultural watershed* Specific objectives were:
1. to assess the amount of precipitation, and runoff
and sediment movement from a series of six nested watersheds
ranging from 5 to 5055 ha,
2. to determine the influence of cropping and tillage
practices on the amount and timing of runoff and sediment
transport,
3* to evaluate the changes in suspended-sediment
concentration? with flow and time for various watersheds,
and
<)• to compare runoff and sediment movement resulting
6froB severe rainfall events (four in 1979) with less-severe
events (1976*1978 and 1980).
Description and Procedures
Watershed description
The Four Mile Creek watershed, located in northwestern
Tama County (U2® 12* N. latitude and 92® 35* W# longitude),
is within the Iowa-Cedar rivers basin in the eastern one-
third of Iowa« The 5055 ha watershed has a northwest-
southeast orientation, with an average width of 3.5 km and
length of 15 Rn* It is typical of heavily cropped regions
in Iowa* Topographic features and drainage characteristics
are related to glaciation daring the Pleistocene period,
with sabseguent modification* Glacial till deposits nantle
the bedrock to a naxifiuif) thickness of 110 re, with most of
the till capped by Wisconsin loess up to 11 m in depth on
the ridgetops but thinning on the vallsy sides* Silt loan
soils account for more than 90^ of the watershed, soils*
Except in the very upper reachas, where field tile systems
have been installed, the watershed has a well defined
natural drainage system*
The area has a humid region climate, subject to the
wide variety of weather conditions typical of Iowa and the
Hiduest. The 30-year average temperature is e.7» C and the
16'year nean annual precipitation is 620 mm. The average
vater yield for the 17 years of record on Four Hile Creek is
210 mm, with an average discharge of 0.31 /s. Annual
sediment yields in this area are about 100 tonnes/km^ but
vary considerably for small watersheds.
During the study period, annual watershed inventories
showed that row^crop production increased from 75% of the
watershed area in 1976 to 80% in 1980. About 8% of the
watershed vas in noncropland uses such as roads* buildings
and forests, with the remainder in small grains, hay and
pasturje* Nlth respect to tillage, there was a shift from
the use of the noldboard plow to use of a disic or chisel
plow for primary tillage. In 1 976, 51 , 38 and 11X of the
cropland was moldboard plowed, disked and chisel plowed,
respectively. In 1980, the corresponding values were 16, 5U
and 28%, with tlll*planted and less than no-till,
lerraced cropland increased from 0*5% to 3%, and contouring
Increased from S% to 19% from 1976 to 1980.
This study involved data collection and analyses from
the Four Hile Creek watershed (site U; Figure 1) and five
watersheds nested within It (sites 1, 2, 3, 5 and 8). Site
5 and site 4 were on the main stream channel where flows
were continuous except during extremely dry periods In late
1976 and early 1977* Site 6, sn Intrabasln station, was on
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a large grassed waterway located midway between the
watershed ridge and the nain channel*
Sites 1,2 and 3 were field-sized watersheds which had
single cover conditions and crop management practices.
Sites 1 and 2 were adjacently located near the Four Nile
CreeK watershed divide, and were rotated between corn and
soybeans, i>e>, site 1 was in soybeans in 1976, 1978, and
1980 and in corn in 1977 and 1979; vice versa for site 2.
£oth watersheds were located upslope fron site 8 and had
silt loam soils with average slopes ranging from 2 to 97*m
Site 3, located at the extreme northeastern corner of the
watershed, was in permanent Kentucky Bluegrass pasture.
Table 1 presents a brief description of the sampling sites*
ggllegijoa
Recording rain gages (universal-weighing type) were
located at five sites within the watershed and one adjacent
to it (Figure 1)* precipitation chart data were used for
analysis of total precipitation, intensities, and durations
(Brakensiek et aL, 1979)* The rainfall data from rain gage
33 (located at site 2) and rain gage 35 (located at site 3)
were used to calculate significant storm characteristics at
sites 1, 2, and 8 and site 3, respectively. Precipitation
amounts and storm characteristics for sites U and 5 were
based on weighted-average data as calculated using a
Theissen network* Computation of £I values was as outlined
by Wischmeler and Smith (1976)*
Flov at sites <4 and 5 was neasored continuously by the
United States Geological Survey- During storn events^ 5 to
10 samples of flow (water plus suspended sediment) were
collected at 1-2 hour intervals at both sites. Samples were
obtained using a winch-operated, depth-integrating sampler
{USD-7U) at site 4, and with a hand-held, depth-integrating
sampler (0SD-U8) at site 5.
Because flow was ephemeral at sites 1, 2, 3 and 8, flow
measurement and sampling occurred only during storm runoff
events. During runoff, samples were collected at 15-30
minute intervals at site 6* Low flows were sampled by
passing an open, narrow^necked bottle along the metal weir
plate. A hand-held, depth-integrating sampler (OSD-48) was
used for collecting samples during higher flews. A 1.22 m
flume was located at the outlet of sites 1,2, and 3.
Six- and 2't-h stage recorders (FS-I) were installed to
provide time-stage data which were later converted to time-
discharge relationships in accordance with procedures
described in BraKensiek et al« (1979). Samples were
collected using automatic sampling (P5-69 Interagency
Samplers), single stage sampling (at flow depths of 7, 15,
30 and 60 cm) and grab sampling, as described by Baker et
al. (1979). The stainless steel well-point intakes for the
samplers were lo^iated near the bottom of the approach box
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and dcwnslope from a 25 cn headvall# uhlch enhanced mixing
of the flov* Grab samples were collected at the outlet
throat of the H*L flumes by passing U-liter sample jars
through the discharged flow. To maintain sample integrity
following collection, all samples uere stored in
refrigerated containers until laboratory analyses were
performed•
Because of the lack of fall and the broad cross section
cf the waterways at sites 2 and 3« small dikes were
constructed to direct flow through the flumes. As a result,
temporary ponding of runoff occurred, causing deposition of
sediment upslope of these dikes* Small plastic disks (15 cm
in diameter) were placed upslope from the dikes to aid in
measurement of sediment deposition resulting from runoff
events. Cross-^sectional surveys of this area were
periodically made and the data used in determining volumes
of sediment deposition*
Canopy development at sites 1 and 2 was recorded by
taking photographs at intervals of 7 - 10 days during the
growing season* Slides were later viewed on a grid sheet
and the percentage cover for each date and crop determined,
similar to the method of Laflen et al. (1978) for crop
residue* Project personnel, with assistance of the farm
cooperator, maintained a record of tillage operations for
sites 1 and 2*
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Suspended'sedlnent sanplesf collected during tunoff
events, were analyzed for suspended-sedinent plus dissolved'
solids concentrations by oven drying a 30-iiil portion of each
sample* A SO-irI sample uas centrifuged at 42*000 G for 10
Biinutes and the supernatant poured off, weighed and oven- ^
dried to obtain the dissolved-solids concentration for each |
sample. The suspended-sediment concentration for each J
sample was then obtained by subtraction*
Total runoff and sediment loads through the outlet at
each site for each event were determined using the stage*
discharge relationships, sample sediment concentrations, and
sample times, as discussed in Baker et al« (1979) • Flow-
weighted sediment concentrations (parts per nillion) were
determined by dividing the storm sediment yield (kg/ha) by
the total storm runoff (decimeters). The sediment deposited
on each of the plastic disks upslope from the flumes was
collected and moisture contents were determined* Based on
the amount of deposition at each of the disks and the
arrangement of the disks, the volume of sediment deposited
during each event was determined* Core samples of the
sediment were taken from the deposition area and an average
specific weight of the deposited sediment determined* This,
combined with the volume of sediment deposited, as
determined by the surveys, allowed a determination of the
lu
•ass of sediment deposited over the study period. Total
sediaent yield to the flanes «as the summation of the yield
of SQspended«'sediment transported through the flumes and the
sediment deposition immediately upslope*
Results and Discussion
Rainfall-runoff events were quite varied during the
1976-1960 period. During 1976-1976, due to low rainfall,
only eight events occurred that produced substantial runoff
and erosion. During 1979, four events were quite severe,
resulting in serious erosion and sediment transport within
and from the watershed*. During 1960, several rainfall
events of moderate nature occurred* resulting in runoff,
erosion, and sediment transport similar to the events of
1976-1978.
Genera^
Table 2 provides a summary of precipitation, runoff,
and sediment loads for the various watersheds during
1976-1980. Small precipitation events resulting in minimal
anounts of erosion, runoff, and sedijfrent movement are not
listed separately in Table 2; however, the totals for each
year include data for all events that occurred.
Snowmelt runoff and sedimsnt load at the various sites
were quite similar for each of the years studied, except for
15
1977 when there was no snownelt. Site ^ had greater amounts
of snownelt runoff (generally 1 *5 times as much) than site
2, even though the watersheds were adjacent* This
difference in snownelt runoff was attributed to the local
topography and wind patterns and the tendency for greater
amounts of drifting and snow accunulation in the site 1
watershed* For sites 1, 2, 3 (pasture) and 8 (intrabasin),
snownelt runoff was 60, 40, 60 and 40%, respectively, of
total surface runoff (including the data for 1977 when no
snownelt runoff occurred). For site U, snownelt runoff was
20% of total stream flow, which includes subsurface
drainage•
Sedinent concentrations in and sediment transported
with snownelt fron the watershed with soybean residue on the
soil surface (average of 8U1 ppn and 381 kg/ha per year),
were over four times higher than with snownelt fron the
watershed with corn residue on the surface (193 ppm and 89
kg/ha per year)* Both runoff and sediment load with
snownelt were appreciably less at the pasture site than at
the cropped watersheds each year* Snownelt sedinent load
for the cropped watersheds (sites 1 and 2) averaged only
1.5% of the total sediment load, whereas at site 4, snownelt
sedinent load was much nore significant, being 26% of the
total* Snownelt sediient loads at site 4 of over 1100 kg/ha
in 1979 and 1980 are possibly due to stream erosion and
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scooring and reentralnment of previously deposited sediment
in the drainage system*
Precipitation across the watershed varied considerably
daring nany events, both in total magnitude and intensity*
Ihe event of 6/12/79 (Figure 2) illustrates the extent of
the spatial and temporal variations observed for one
particular storm. precipitation values (Table 2) also
provide an indication of event and annual rainfall
differences observed for this 5055 ha watershed.
For the less-severe events of 1976-1978 and 1980, the
effects of the timing and intensity of tillage on runoff
from the field sites were important. The following were
true for the 20 less-severe events (excluding the event of
6/20/78) : if an event occurred when primary tillage had
been performed on only one site, that site had the least
runoff (e.g., 4/17/78); if an event occurred after all
primary and secondary tillage had been performed (but before
any cultivation) , the site that had been moldboard or chisel
plowed, as opposed to the site that was only disked, had the
least runoff (e.g., 5/29/76); if cultivation had been
performed on either or both sites, the most recently
cultivated site had the least runoff (e.g., 6/13/76). It is
not clear why the storm of 6/20/78 was an exception. The
overall effect of the site in corn having disking for
primary tillage and being cultivated on the average once a
17
year, conpared to the site in soybeans having been ploued
and Cultivated on the average tuice a year, was aore
tainfall-runoff fron the corn watershed*
It is Known that cropland previously in soybeans is
•ore erodible than land previoasly in corn under the same
tillage conditions (Laflen and Holdenhauer, 1979; Laflen and
Colvin, 1982)* However, in this Gtudy, tillage and canopy
differences were dominant factors in determining erosion
from corn and soybean watersheds. For 1976-1979, when the
ground previously in soybeans had been disked and the ground
previously in corn had been noldbcard plowed, sediment
concentrations from the plowed ground were higher for all
tut one of the 11 April-July events (Table 3). For these 11
events, concentrations fron the watershed that was plowed
averaged 48X higher than those fron the disked land.
Developnent of soybean canopy was slower than for corn. On
average, about 3^% of the soil surface was covered by corn
canopy on June 15, and 83% on July 15. These values were 17
and 2615 lower, respectively, for soybeans. For the four
April-July events in 1980, when the ground previously in
corn had been chisel plowed, sediment concentratioTis from
the disKed as compared to the chisel-plowed land were 50%
greater. After planting in 1980, the area that was chisel
plowed had 3391 residue cover, whereas the disked area had
only 8% residue cover.
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Of the opposing effects of noldboard plowing on erosion
(l»e»« decreased runoff, but increased sedinent
concentrations) , for the less*severe events the effect of
decreased runoff dominated and soil loss fron the plowed
watershed was less than fron the disked field (Table <1^) •
For the four severe events of 1979, tillage did not affect
runoff, and soil loss fron the plowed watershed was greater*
In 1980, the decreased runoff and sediment concentrations
with chisel plowing resulted in soil losses much less than
fion the disked watershed.
Sediment deposition above the flunes and associated
dikes was appreciable during the study period. Table U
presents suspended'sedinent and sedinent deposition data at
sites 1 and 2 for each year of the study and for the severe
events of 1979» For the severe events, a higher total
percentage of the field eroded sedinent was trapped at site
2 (U2%) than at site 1 (36%). Total erosion was greater for
the soybean watershed (site 2) and, combined with greater
trapping efficiency, resulted in a greater amount of total
sedinent deposited upslope of the flume than at the corn
watershed (SttlOO vs. 27900 kg/ha, respectively). The slight
difference in sediment trapping efficiency is probably
attributable to differences in topography and ponding areas
upslope of the flunes.
For a given site and runoff event, sedinent
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concentrations and flows were directly related; i.e*, as the
rate of runoff increased, sedinent concentration increased
(Figure 3). Generally, for all sites and events, the peak
sedinent concentrations preceded or occurred sinaltaneously
with the peak runoff rates, even for multiple-peaked runoff
events. This concurs with previous literature (Long and
Bowie, 1963; Doty and Carter, 1965).
Sediment load per event, on a unit*>area basis,
generally decreased from the row-cropped sites (1 and 2) to
the intrabasin site (8), to the watershed outlet (site U) .
This was particularly evident for the four severe events of
1979, when a total of 62*3 T/ha of suspended-sedinent was
lost fron the row-cropped sites, 16*3 T/ha was measured at
site 8, and 4.7 T/ha at site U* This would imply a delivery
ratio of 0*08 from field to stream. However, this value nay
be low because only 80X of the watershed was in row-crop,
with much of the area having lesser slopes than at sites 1
and 2. On the other hand, sediment deposition behind the
measuring stations reduced the suspended-sediment load
measured from the row-cropped sites*
3^79 severe events
During 1979, rainfall events on June 12, June 26-27,
July 3, and July 13-14 yielded sizable runoff amounts and
caused severe erosion and sediment transport within the Four
Hile Creek watershed* The storms were quite severe in
20
portions of the watershed* and were atypical of rainfall
events normally expected* The severe rainfall events were
analyzed to determine characteristics that could influence
runoff and sediment ncvenent within the watershed* The
rainfall erosivity potentials for each storm are sunnarized
in Table 5* The data indicate that rainfall amounts and
intensities varied considerably within the watershed for
some of these events* Undoubtedly these differing rainstorm
characteristics affected the erosion and sediment transport
that occurred within the watershed.
Table 5 presents sediment load data for the six nested
watersheds for the four major rainfall-runoff events of
1979. These four events accounted for 98, 100, 100, 99, 82
and 87% of the total yearly ralnfall-associated sediment
loads at sites 1, 2, 3, 8, 5 and U, respectively* Further,
these severe events contributed 80, 81, 20, 71, U6 and
respectively, of the total rainfall-associated sediment
measured during the 5-yr study- Accordingly, the sediment
load from these severe events was most dominant at the
cropland watersheds (sites 1 and 2) and the intrabasin
station (site 8), and least important at the pastiire
watershed (site 3) *
Of the 1979 events, the total sediment loading was
greatest at sites 1,8 and *t, and second greatest for site 2
from the June 12 storn (Table 5). Although rainfall-runoff
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aaounts were sinllar for the field-^slzed watersheds, site 2
(which was noldboard plowed prior to planting of soybeans)
experienced greater avounts of erosion and total sedinent
transport than did site 1* The coabination of extrene
rainfall erosivity, lack of crop canopy cover (1195 cover for
corn and 6% for soybeans), lack of residue protection, and
recent spring tillage and planting operations undoubtedly
contributed to the major sedimant losses from sites T, 2 and
8 during this event* Total suspended-sediment loads
decreased from the field-sized watersheds, to the intrabasin
station, to the streai stations. Runoff from the pasture at
site 3 was insignificant for this event* Flow-weighted
sedinent concentrations were the greatest for all sites,
except site 2, for this Jane 12 event* Sanple sedinent
concentrations reached ^aaxina of 89,500, 41,100, 43,700 and
41,800 ppn, respectively for sites 1, 2, 5 and 4* For all
sites the peak sediment concentrations preceded the peak
runoff rates*
The smallest of the four severe events occurred next on
Oune 27* Site 2 had been tillsd and soybeans replanted on
June 16 due to the severity of the June 12 storm* So
cultivation or tillage had occurred since the June 12 event
c^i/ieY
at site 1* CanopyAat site 1 (corn) was 36% compared to only
3X at site 2 (soybeans)* At site 4, this event accounted
for nearly 13X of the total suspended-sediment load
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attrliauted to rainfall events for 1979* At sites 2 and
8, houeverr the event accounted for less than 10% of the
yearly rainfall-associated sedinent loads* Again* runoff
froR the pasture site uas mininal* Sedinent concentrations
for the June 27 event vere less than for the June 12 event
(table 5). Peak sedinent concentrations were 39f^00,
79,300, 51,000, 9800 and 17,200 ppm for sites 1, 2, 8, 5 and
4, respectively. Again, these peak concentrations preceded
peak flow rates at sites 1,2 and 8« Samples were not
Collected before the peak flow rates at sites U and 5;
however, the highest concentrations for the samples
collected at sites U and 5 were for the first samples
(presumably earlier samples would have had larger
concentrations)•
The largest rainfall event over the entire watershed in
1979 occurred on July 3* The El values, as calculated for
rain gages 33 and 35, indicate the severity of the storm
that occurred in the eastern half of the watershed. The El
value of 181 at rain gage 35 exceeds the single-storm value
expected once in 20 years, and the value of 149 for rain
gage 33 exceeds that expected once in 10 years for Charles
City, Iowa (Hischmeier and Smith, 1978). This storm
produced the greatest single-event runoff amounts at sites
3m 8, 5 and U (second greatest for site 1)• Crop canopy
was nearly 50* for corn (site 1) and 12% for soybeans (site
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2). The soybeans had been cultivated on June 29. The July
3 event accounted for 27, U3 and 33S of the suspended
sediment transported from sites 1# 2 and 8, respectively
(excluding snowmelt)• At site the watershed outlet, 28%
of the yearly suspended-sediment transport occ4(urred with
this storm (excluding snowmelt) • As in past storms, the
peak concentrations preceded the peak runoff rates during
each of the runoff periods at all sites. Similar to the
June 26 event, the sediment concentrations (flow-weighted
and individual samples) at sit3 2 were nearly twice those at
site 1* Total sediment transported from site 2 was more
than double that from site 1* Peak sediment concentrations
for sites 1, 2, 8, 5 and 4 were 56,900, 119,000, <(5,900,
16,000 and 18,600 ppm, respectively* Total sediment load
was the greatest for any single event at sites 2, 5 and 4
(egual to the June 12 load at site U)• Similar to the
events of June 12 and June 27, significant portions of
sediment eroded from the fields at sites 1 and 2 were
deposited upslope of the flumes and associated dikes*
The last major rainfall event of 1979 occurred on July
13. However, the flow-weightei sediment concentrations at
all sites were lower than for the previous three events.
This storm produced nultiple-paaked runoff for all sites
with peak sediment concentrations preceding each runoff
peak* The initial peak rates of runoff for each site were
24
preceded by the ^naxinum sedlnent concentrations, with
65,500, 76,800, 40,000, 9900 and 14,600 ppn recorded for
sites 1, 2, 8, 5 and 4, respectively. As in previous
events, runoff amounts were similar for sites ^ and 2, and
sediment concentrations at site 2 (moldboard plowed
watershed) were greater than those at site 1* Although this
storm occurred later in the crop season (corn canopy cover
at site 1 was nearly 70% and soybean cover at site 2 was
25^), and the El values do not indicate severe erosion
potential, substantial erosion and sediirent movement did
occur within the watershed, specifically at sites 1, 2 and 8
(lable 5)• Of the yearly storm sediment load (excluding
snowmelt) at sites 1,2 and 8, this event accounted for 17,
18 and 20% of the total, respectively* At site 4, 18% of
the yearly total rainfall*related sediment was transported
during this event.
Conclusions
Based on this study the following conclusions are made
1* Considerable spatial and temporal variations in
rainfall occurred within the watershed, undoubtedly
affecting erosion and sediment transport* Similar
variations can be expected elsewhere in the Hidwest, and
instrumentation should be provided to account for these
25
differences during sinilar studies*
2. During t^e snaller, less-severe runoff events, the
timing and anount of tillage affected the anounts of runoff
from the field-sized watersheds* Generally, the watershed
uith the Biore intensive and/or nore recent tillage had the
least runoff* This was usually the corn watershed
(following soybeans the previous year)*
3. For the severe events, rainfall-runoff from sites 1
and 2 were essentially the sane even though the type,
aiount, and timing of tillage and the percent canopy cover
were quite different*
U* Except during the most intense storms, the field-
sited watershed in permanent pasture (site 3) generally had
negligible runoff and sediment losses*
5* Severe rainfall-runoff events caused appreciable
erosion at the smaller watersheds, resulting in considerable
sediment transported from the watersheds*
6. For all events analyzed, the sediment load, on a
unit basis, decreased when comparing the field to intrabasin
to stream locations*
7* Sediment deposition above the flumes at sites 1 and
2 was significant and, combined with the decreasing sediment
loads at downstream Iccations, illustrates the sediment
trapping effects of fence lines, waterways, etc*, which are
present in most agricultural watersheds*
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8. Generally, doring 1976-1979, the flow-weighted
sedinent concentrations for the watershed In soybeans
(following corn the previous year) were appreciably greater
than those for the watershed in corn (following soybeans the
previous year), however, because of more runoff, total
sedinent loss from the watershed in corn was greater than
from the watershed in soybeans during every year except 1979
<when the extreme rainfall events occurred and runoff was
equal) •
9. In 1980, the watershed in soybeans (following corn)
was chisel plowed rather than noldboard plowed, and flow-
weighted sediment concentrations for the corn watershed
(which was disked) were greater than those for the soybean
watershed•
10. Peak sedinent concentrations generally preceded or
occurred simultaneously with the peak flow rates for all
sites and all events.
11. Sediment concentrations in snowmelt were greater
V' {J'^
from the watershed that had soybean residue on the surface, ,
c\
as contrasted to corn residue.
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Table 1. Description of sampling sites, 1979
Site
Drainage Flow measuring and sampling
area Cover devices
ha
1 5.1 Corn 1.22 m H-L flume with PS-69
Interagency Sampler, single
stage samples, and hand grab
samples
2 6.4 Soybeans 1.22 m H-L flume with PS-69
Interagency Sampler, single
stage samples, and hand grab
samples
1.22 m K-L flume with PS-69
Interagency Sampler, single
stage samples, and hand grab
samples
Keadwall and culvert with depth-
integrating sampler (USD-48)
5.9 Bluegrass
pasture
149 Mixed cover
4 8% corn
36% soybeans
5% small
grains,
meadow,
etc.
11% other
3575 Mixed cover
55% corn
32% soybeans
7% small
grains,
meadow,
etc.
6% other
5055 Mixed cover
50% corn
30% soybeans
12% small
grains,
meadow,
etc.
8% other
USGS Station (records good,
except during winter which are
poor) with depth-integrating
sampler (USD-48)
USGS station (records good,
except during winter which are
poor) with depth-integrating
sampler (USD-74)
Table 2. Runoff and sediment yield data, 1976-1980'
Date Site 1 Site 2 Site 3 Site 8 Site 5^ Site 4^
1976 soybeans corn
Snowmelt Runoff, mm 45.8 30. 8 10.4 c 16.3
Sedt, kg/ha 156 655 17 — 461
5-29 Precip, mm 37.3 37.3 37.8 MM 23.1
Runoff 3.9 11.4 1.0 2.4
Sedt 1825 3989 18 — 75
6-13 Precip 35.6 35.6 37.6 35.6 , _ ^ 38.1
Runoff 8.2 1.2 0.2 8.9 4.2
Sedt 762 51 — 226
Total Runoff 58.6 51.3 13-1 _ __ 122.7
Sedt 2779 5387 40 — 1564
1977 corn soybeans
Snowmelt Runoff 0 0 0 0 0 0
Sedt 0 0 0 0 0 0
4-19 Precip 20.1 20.1 8.9 20.1 16.2 16.2
Runoff 4.7 0 0 0.6 0.1 0.4
Sedt 3873 0 0 282 2 2
8-15 Precip 37.3 37.3 36. 3 37.3 39. 9 39.9
Runoff 4.8 0.8 negl<^ 3.4 5.8 0.7
Sedt 776 173 negl 209 34 4
Total Runoff 11. 9 0.9 8.7 9.2 52.2 43.6
Sedt 5558 180 27 736 95 74
1978 soybeans corn
Snowmelt Runoff 38.4 25.6 4.5 27.6 31.3 29. 3
Sedt 25 72 2 130 132 149
4-17 Precip 71.4 71.4 73.4 71.4 68.4 68,4
Runoff 1.3 5.3 0.9 5.1 12.6 9.7
Sedt 77 101 2 69 591 344
Minor precipitation events are not listed separately, but
total runoff and sediment yield data include all storms.
Both snowmelt and storm flows at sites 4 and 5 include some
subsurface flow. Johnson and Baker (1982) indicated that
flow from the watershed (site 4) was roughly half subsurface
flow.
Indicates that data are not available for this event.
Indicates that some flow or sediment was measured but was
negligible.
b
Table 2 (continued)
Date Site 1 Site 2 Site 3 Site 8 Site 5^ Site 4^
1978 soybeans corn
5-27 Precip, mm 28.4 28.4 3.8 28.4 20.1 20.1
Runoff, mm 1.2 10.2 0 2.7 4.2 3.8
Sedt, kg/ha 325 1840 0 481 2 2
5-31 Precip 18. 8 18.8 11.2 18.8 16.9 16.9
Runoff 0.2 0.7 0 0.5 3.0 2,8
Sedt 43 142 0 11 1 9
6-15 Precip 23. 9 23.9 20.1 23-9 23.3 23.3
Runoff 0.9 2.4 0 0.3 1.2 0.9
Sedt 88 160 0 18 83 28
6-20 Precip 30.2 30.2 42.2 30.2 34.0 34.0
Runoff 3.5 1.9 0 1.9 2,7 1.9
Sedt 291 97 0 115 271 94
Total Runoff 46.4 47.3 6.1 42.0 203.5 197.4
Sedt 867 2488 5 852 1614^ 1004®
1979 corn soybeans
Snowmelt Runoff 116.0 72.6 39.6 49.2 168.5 186.4
Sedt 47 27 25 88 1446 1995
4-20 Precip 56.1 56.1 53.6 56.1 47.8 47.8
Runoff 1.4 negl 1.9 0.9 12.1 16.5
Sedt 85 negl 1 12 231 347
6-12 Precip 61. 5 61.5 38. 9 61.5 42.7 42.7
Runoff 36.2 35.8 0.1 21.7 18. 3 17.2
Sedt 23880 22841 negl 6733 1386 1523
6-27 Precip 42.2 42.2 50. 8 42.2 38.7 38.7
Runoff 12. 9 12.7 0.1 6.4 8.9 8.8
Sedt 3359 5959 negl 1859 574 735
7-3 Precip 73.7 73.7 97.3 73. 7 61.9 61.9
Runoff 34.3 40.3 13.6 29.2 24.4 22.0
Sedt 13851 32202 12 6137 1958 1506
7-13 Precip 62. 7 62.7 80.5 62.7 64.7 64. 7
Runoff 34. 8 34.3 9.3 22.1 20.9 19.1
Sedt 8813 13689 3 3607 862 971
8-19 Precip 72. 4 72.4 65.6 72.4 70.2 70.2
Runoff 4.1 0.8 0 1.8 3.5 3.8
Sedt 301 28 0 57 35 49
'Sediment yields are underestimated because storms of 5-27-78
and 5-31-78 were not sufficiently sampled.
Table 2 (continued
Date Site 1 Site 2 Site 3 Site 8 Site 5^ Site 4^
1979 corn soybeans
8-21 Precip, nun 2 8.4 28. 4 31.5 28.4 28.8 28.8
Runoff, mm 8. 6 1.8 0.6 3.2 7.7 8.4
Sedt, kg/ha 833 119 2 87 147 146
10-22 Precip 74.7 74.7 95.0 74.7 81.6 81.6
Runoff 1.6 1.1 0 1.7 7.1 6.7
Sedt 38 409 0 236 116 99
Total Runoff 251.5 199.3 66.1 137.4 422.7 444.6
Sedt 51369 75272 42 18914 7156 7612
1980 soybeans corn
Snowmelt Runoff 73.2 54.1
GO
O
42. 8 50. 6 52.3
Sedt 235 1130 12 850 1036 1102
5-29 & Precip 61. 5 61. 5 65.0 61.5 58.5 58.5
5-30 Runoff 3.2 16.5 0 8.9 17.8 19.2
Sedt 436 4199 0 3482 1263 1466
6-2 Precip 32. 3 32.3 28.4 32. 3 28. 7 28.7
Runoff 9.2 20. 6 0 13.4 14.9 15.2
Sedt 1328 3756 0 16 20 704 601
6—6 & Precip 16.5 16.5 20.3 16.5 14.8 14.8
6-7 Runoff 1.1 2.7 0 1.5 0.1 3.1
Sedt 73 441 0 136 88 40
6-13 & Precip 38.9 38.9 42.2 38.9 34.7 34.7
6-15 Runoff 0.4 8.5 0 2.3 4.8 4.6
Sedt 27 1332 0 224 208 145
8-6 Precip 58.4 58. 4 135.1 58.4 67.8 67.8
Runoff 0.5 15.1 4.5 1.5 1.4 7.7
Sedt 47 105 1 25 49 250
8-11 Precip 22.4 22.4 17. 3 22.4 24.2 24.2
Runoff 0.4 1.5 0 2.3 1.3 1.5
Sedt 18 26 0 80 39 37
00
1
Precip 43.2 43.2 43.9 43.2 40. 3 40.3
Runoff 0.2 0.5 0 0.9 1.4 1.3
Sedt 5 41 0 77 9 9
Total Runoff 88.4 119.6 45.3 74.0 179.2^ 182.4
Sedt 2172 11061 14 6534 3718 3760
1980 data for site 5 are for January through September only
Table 2 (continued)
Date Site 1 Site 2 Site 3 Site 8 Site 5^ Site 4^
5-year annual averages^
Snowmelt Runoff, nun 54.7 36.6 19.1 29. 9 62.6 56.9
Sedt, kg/ha 93 377 11 267 654 741
Total Runoff 91.4 85.3 27.8 65. 7 214.4 198.1
Sedt 12549 18878 26 6759 3146 2803
^Data for sites 5 and 8 are based on four years of data, since
data for 1976 are not available.
Table 3. Flow-weicrhted sediment concentrations
1976
1977
1978
1979
1980
Date Sediment concentration
ppm
Soybeans Corn
Snowmelt 340 2130
5-29 46800 34990
6-13 9290 4250
Rainfall 20490 23080
Total 4740 10500
Snowmelt 0 0
4-19 0 82400
8-15 21630 16170
Rainfall 20000 46710
Total 20000 46710
Snowmelt 70 280
4-17 5923 1910
5-27 27080 18040
5-31 21500 20290
6-15 9780 6670
6-20 8310 5110
Rainfall 10530 11130
Total 1870 5260
Snowmelt 37 40
4-20 0 6070
6-12 63800 65970
6-27 46920 26040
7-3 79910 40380
7-13 39910 25330
8-19 3500 7340
8-21 6610 9690
10-22 37180 2380
Rainfall 59390 37880
Total 37770 20430
Snowmelt 320 2090
5-29 13630 25450
6-2 14440 18230
6-6 6640 16330
6-13 6750 15670
8-6 9400 700
8-11 4500 1730
8-16 2500 8200
Rainfall 12830 15160
Total 2460 9250
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Figure 3. Cumulative precipitation, storm runoff and
sediment concentration for site 2, 6/26/79
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PART II: SEDIHENT IN TRANSPORT FROM AN AGRICULTURAL
VATERSHED: PARTICLE SIZE ANALYSIS
Introduction
In the decade of the 1970s concern for water quality >
came to the forefront. As a rssult, the need to know the
quantity of sediment and chemicals transported to streams
tecame important. Data from actual field studies are needed
for a better understanding of sediment and chemical movement
within and from agricultural areas. These data are also
needed to develop and test prediction models.
The entrainnentf transport, and eventual deposition of
sediment depend not only on the characteristics of flov, bat
also on properties of the sediment, including size
distribution (aggregate and primary), density, organic
matter content, quantity and type of clay, and particle or
aggregate shape. Fine-sized sediments, either transported
individually or as part of aggregates, may be critical to
ncnpoint pollutant loading from agricultural watersheds.
Deposition of coarse particles causes enrichment of finer
particles in the transported material (on a percentage-by-^
eass basis) •
The understanding of the transport and delivery
processes of various size fractions of sediment is important
U2
because the size and characteristics of the sediment
transported influence the type and quantity of chemicals
transported with it* To soae degree the adsorption of
pesticides and nutrients is dependent upon the specific
surface area* which increases with decreasing size of the
soil particles*
Also» the size distribution data are important in more
recent modeling activities which attempt to predict the
portion of sediment lead deposited and the size distribution
of material remaining in suspension at given locations.
Modeling approaches, based on fundamental erosion mechanics,
separate surface soil and sediment into various size
fractions (i.e. clay, sand, silt) to improve transport
prediction (Foster et al*, I960)* However, pertinent field
data on sediment sizes are lacking (Heyer et al*, 1981} •
Efforts in the late 1970s and early 1980s have been
made to improve availability of particle size data of
transported sediment* To date, there are limited data sets
available to use in defining the spatial and temporal
changes that occur in the field-to-stream transport of
sediment and associated chemicals. Smith et al. (1978),
following completion of a study to collect data to aid in
development of models to predict and simulate nonpoint
pollutant processes, expressed the need for more
investigations of sediment transport and delivery (relative
1^3
to particle size distribution) during storm events* Johnson
and Balcer (1981) reconmended additional study of the
relationships among soil particle size, pollutant
transportability, and chemical concentrations in sediment*
Donigian and Crawford (1976) indicated the need for
additional field data bases for model parameter evaluation
under various conditions. Young (1980), in a comprehensive
review of current literature concerning particle size
distribution, noted that such information was not extensive,
and only four of the 21 soils for which information was
available had data to compare the aggregate size
distribution of the soil matrix with the aggregate size
distribution of transported sediment.
Soil eroded and sediment transported, both quantity and
sizes, are influenced by several factors, including the
types or mechanisms of erosion (interrill, rill, or gully
erosion), soil texture and characteristics (aggregate and
primary sizes, organic matter, type of clay, soil water
content, etc.), magnitude and type of storms, canopy and
residue cover, type of crops grown, and slope of the land
surfe^ce.
Investigation of the^effects-j^fy^oil texture/ and
characteristics on particle size distribution and enrichment
of eroded sediment has been performed, as evidenced by the
work of Swanson and Dedrick (1^67), Heyer et al* (1976,
U14
1980) V Bollinne (1978) » Gabriels and Moldenhauer (1978),
Alberts et al« (1980, 1961), and Toun^ (1980).
consideration of the various soil erosion and transport
phenomena and their relationships to particle size
distribution of eroded material has been studied by Doty and
Carter (1965), Meyer et al. (1975, 1976), Young (1980),
Alberts et al. (19B0), and Alberts and Roldenhauer (1981).
Effects of various storm intensities and durations are
discussed by Long and Bowie (1963), Doty an^ Carter (1965),
1. <
Meyer and Harmon (1979), and McDoHell (1980). The particle
size distribution of eroded and transported material as
influenced by crops and canopy and residue cover is
discussed by Doty and Carter (1 965), Meyer et al. (1975),
Bolinne (1978), Young (1980>, and Alberts and Moldenhauer
(1981) .
The timing and type of tillage can also affect the
amount of erosion and the particle size distribution of
sediment Itranspor tedj. Young and Hutchler (1969) indicate
that the mechanical breaking up of the soil exposed "fresh,
new" soil to the erosion processes at the surface. The
finer, more erodible material is transported initially and,
as the process continues the soil surface becomes more
stable if it is not tilled. Plowing may loosen the soil
surface, yielding a layer of assorted size aggregates. With
use of secondary tillage (disking and harrowing),
U5
aggregates, surface rcughness, and porosity are lessened.
Cultivation following crop planting and during crop growth
will act to destroy surface crusts which nay have formed,
thereby increasing infiltration* However, finer-sized and
looser sediment nay be available to the erosion and
transport processes once lthe infiltration rate, is cKcecdcd'^
Studies by Burwell and Larson (1969), Foster and Meyer
(1975), Monke et al. (1977), Johnson et al. (1979), Kimes et
al. (1979), and Alberts and noldenhauer (1981) have
Investigated the effects of tillage on sediment particle
size distribution*
The Iowa State University (ISO) Agricultural
Engineering Department, in cooperation with the
Environmental Protection Agency's Environmental Research
Laboratory, Athens, Georgia, was recently involved in a
project to evaluate the effect of agricultural land use
practices on stream vater guality* The site of the field
study was in a heavily row*cropped region in Tama County,
east-central Iowa*
The objectives of the portion of the study reported
herein were:
1 * to determine and analyze the concentration and
aggregate particle size distributions for individual runoff
samples taken with changes in time and flow, for five nested
watersheds.
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2m to use sediaent load and particle size distribution
data to deteinine load-veighted size distributions for each
watershed and runoff event for analysis of field'to-strean
sedinent transport,
3» to assess differences in particle size distributions
of transported sediaent for severe rainfall-runoff-erosion
events compared with less'severe events, and
4. to provide data and understanding on sedinent
transport from smaller agricultural watersheds for modelers
tc use in development and calibration of erosion and
nonpoint pollution models.
Description and Procedures
Watershed description
Haml^tt et al. (1982) discuss the location and
characteristics of the study watersheds. Figure 1 and Table
1 present a nap of th€ watershed area and details of the
specific sampling sites, respectively.
Particle size data collection and analyses daring this
study were for the Four Wile Creek watershed (site U) , and
four watersheds nested within it (sites 1, 2, 5 and B).
Sites U and 5 were on the main stream channel* for which
flows were continuous during the study« except for severely
U7
dry periods in 1976 and early 1977. Site 8, an intrabasin
station* situated nidway between the watershed ridge and the
•ain channel^ was downslope fron a large grassed waterway*
Sites 1 and 2 were smaller watersheds, which had single
cover and management practices. Sites 1 and 2 were rotated
A i
In corn Tiiiiil suybudusf and were upslope from site 8 in the
mid-portion of the watershed#
Qoll^tion
Instrumentation for weather parameter measurement
within the watershed was established and monitored by ISU
personnel, as described by Hamlett et al« (1982).
Significant storm characteristics at the various sites were
based on individual site and Thelssen network rainfall data*
as appropriate*
Flow at site^ 4 and 5 was measured continuously by the
Onited States Geological Survey. Runoff samples were
collected and flow measurement and suspended-sediment
sampling at sites 1, 2 and 8 wece conducted by ISU personnel
during runoff events, as described by Hamlett et al* (1982).
"In-place" surface-^soil (0-1 cm) samples were collected
at 8 locations within each of the site 1 and 2 watersheds
.and analyzed for particle size distribution. Particle size
data for these **ln-place*' samples were used for comparison
with particle size distributions of sediment collected
during runoff events at the various downslope sites.
U8
Sample analyses
Folloving collection during runoff events, the
SQSpended'sediment samples vere refrigerated and stored
until analyses could te performed* Analyses included
suspended-sediment concentrations and aggregate particle
size distribution*
Suspended-sediment plus dlssolved-solids concentrations
were determined by drying a weighed 30-ml portion of the
collected sample. Dissolved-solids concentrations were
determined by centrifuging a 30-ml portion of the sample (at
a force of about 40,000 G for 10 Binutes) , pouring off the
supernatant, weighing, oven-drying, and reweighing this
\
portion* Suspended-sediment concentrations were obtained by
subtraction•
Surface "in-place" soil samples were wet-sieved with
distilled water into sand (0.062 to 1.18 mm) and smaller-
than-sand size classes* Particle size distributions of
sands were analyzed using the visual accumulation tube (as
described by Colby and Christenson, 1956), after removal of
organic matter with hydrogen peroxide solution.
Suspended-sediment samples were wet-sieved through a
0*062 mm sieve to separate the sand-sized particles, and the
particlfe size distribution of the pass-through material was
analyzed using the Bicroraeritics Sedigraph 5000R particle
size analyzer, in accordance with previously described
U9
aethods (Hicromeritics, 1973; Kimes, 1979). Deternination
of particle sizes is based on settling velocities according
to Stokes Law, and x-ray attenuation is used to neasure
sediment concentrations at a particular level in the cell
containing the sample* To mininize the tine required for
analysis, the position of the sedimentation cell is
continijously changed relative to the narrow x-ray beam
during analysis, so that the effective sedimentation depth
observed is inversely related to elapsed time* Particle
size analyses (0*062 to 0*001 ma sizes) of the undispersed
sediment samples were performed on all runoff samples that
bad suspended-sediment concentrations greater than 2000 pp«*
Aggregate-size distributions rather than primary-size
distributions were of interest;, therefore^ the samples were
analyzed in native runoff solution with no dispersing agent
added* Density of th€ aggregates was assumed to be 2*65
g/cm^ * Recent literature (Alberts et al*, 1961; Young,
1960; Niebling et al., 1981) indicate that for aggregates
formed primarily of silt, such as aggregates present in
runoff from this watershed, an aggregate density of 2.15 to
2*20 g/cm3 should be used, while for sand-sized particles, a
density of 2*65 g/cn^ is appropriate* Because all samples
were analyzed on the basis of a/| density of 2*65 g/cm' ,
relative comparisons of size distributions among samples,
sites, and events should be valid*
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Total runoff and sediment loads thrcugii the outlet* at
each site and for each event, were determined using the
stage-discharge relationships* sample sediment
concentrations and sample times. Storm flow*weighted
sediment concentrations (mg/l) were determined by dividing
the storm sediment yield (kg/ha) by the total storm runoff
^decimeters)•
Storm load-weighted particle size distributions were
deternrined by multiplying the particle size^ disti^bution of
each sample by the incremental sediment load represented by
that sample, suoning these values for the event# and
dividing by the total sediment load* The load-veighted
distribution is theoretically representative of the particle
size distribution of the total sediment load transported
during the event*
Results and Discussion
During the 1976-1980 study, several rainfall-runoff
events caused varying amounts of erosion and sediment
transport* Particle size distributions of sediment
transported during these events and at varying locations in
the watershed were investigated* Changes in the particle
size of transported material during events and among events
and sites were analyzed*
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For a given site and event» suspended^sediteent
concentrations, runoff, and sediment particle-size
distributions were related. Suspended'sedinent
concentrations generally preceded or occurred sinultaneously
with peak runoff rates, as noted in Hamlett et al. (1982).
As runoff and sediment concentrations increased during an
event (for both severe and less-severe storms), the average
I
particle size of transported sediment fee<a.me-moxe-c-oar^e,
and, conversely, during decreases in flow, particle sizes
decreased (Figure 2) •
Figure 3 illustrates a comparison of load-weighted
particle size distributions of the *'in-place** soil, the
small field stations (sites 1 and 2), the intrabasin station
(site 8), and the channel stations (sites U and 5), for the
1976-1960 pexiod» As shown, the "in-place" samples had the
most coarse material* The suspended sediment transported
from sites 1 and 2 was generally similar in size
distribution to the "in-place" material, with a slightly
greater percentage of finer-sized particles* Suspended-
sediment transported at site 8 was finer in size than at the
field watersheds* Sediment in transport at sites 4 and 5
had still greater percentages of finer-sized material* Site
4 had a greater percentage of coarse material than site 5,
possibly due to direct contribution of coarser-sized
sediment from the steeper-sloped watershed lands
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contributing sedinent to the channel in the lower portion of
the watershed, or possibly because of the contribution of -
channel sedinent between sites 5 and U*
For the less-severe events of 1976-1978 anii 1080, the
greatest percentage of finer^sized sediment in transport was
at the intrabasin station (sita 8), with the most coarse \
material, as a percentage of the total, at site 2/* Sfediraent
from field site 1 and the two channel stations, sites U and
5, had similar particle size distributions. The larger-
sized particles in transport in the channel relative to site
8 may have been because of the contribution of field erosion
near the channel, bank erosion, and/or a najcr portion of
the contributing area with sedinent size distributions
similar to the size distribution for sediment from site 2*
A comparison of load-weighted particle size
distributions for various watershed sites for the severe
events of 1979 is shown in Figure 5. Since the total
sediment load for 1979 accounted for the majority of the
sediment load for the 1976-1980 period (81% at site 1, 80%
at site 2, 70% at site 8, 57% at site 5, and 5U% at site 4;
Hamlett et al., 1982), the particle size distribution of the
transported sedinent at these locations during 1979
dominated the cumulative size distributions observed for the
1976-1980 period.
For the severe events of 1979, the greatest percentage
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of flner*sized sediment in transport was observed at the
Kain channel stations (sites U and 5), as conpare^ with the
intrabasin and field sites (Figure 5). For the nonstream
sites (1, 2 and 6), the ranges of size distributions for
various samples were larger and the load'weighted size
distributions were/more\dominate^ by the size distribution
of the higher concentration samples than for the stream
sites (e.g. for site 8, Figure 6 and for site 4, Figure 7).
For sediment transported from the field to the stream, the
increase in finer^sized sediment corresponds with a decrease
in sediment loads. Total erosion from the cropped sites was
1*7 times the suspended sediment leaving the sites« which in
turn was about 6*6 times that measured at the intrabasin
station, which in turn was about 3.9 tines that at the
watershed outlet (Hamlett et al•* 1962)* Deposition of the
coarser materials behind fence lines and roadways, in
depressional areas, in grassed waterways, and on the flatter
floodplain could explain the changes in sediment leads and
particle size distributions. The load-weighted sediment
size distributions at the various sites for the 1980 events
are somewhat different than those from the previous years
(Figure 8). At the field watersheds. Site 2, which was
disked, had the most coarse-sized sediment distribution,
similar to the distributions from 1976-1979- The other
field watershed (site 1), which was chisel plowed, had less
5U
runoff and sediment loss during 1980» and the transported
sedinent had a considerably finer^sized distribution than at
site 2« At the intrabasin station« site the transported
sedinent was slightly nore coarse than at site 2* This vas
possibly caused by the reentrainment of coarse material froin
the waterway and erosion in the upper segment of the
waterway. The particle size distributions of sediment
transported at sites U and 5, the channel stations* were
similar to those distributions of sediment transported
during 1976-1979.
The load*weighted size distributions of the sediment
transported from the watersheds during severe and less*
severe events were at times measurably different. The size
distributions at the channel station (site U) were quite
similar for the May-July storms, with the more fine-sized
material transported during 1979 as contrasted with the
material transported in 1976-1978 and 1980 (Figure 9).
Snowmelt runoff and storms early in the spring had more
coarse-sized sediment, while some storms late in the year
had more fine-sized material (Figure 10).
At site T, the 1979 severe events caused the
transported sediment to be considerably nore coarse than the
sediment transported during 1976-1978 and 1980 (Figure 11).
The size distribution of the sediment transported from site
2 (Figure 12) during 1979 was more coarse than during the
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other years of the study, but the difference in the
distributions was not as great as the difference at site !•
During the initial period, 1976-1970, the sediment
transported at site 8, the intrabasin station, was primarily
finer-sized particles* This was probably caused by the
trapping of the coarse particles by the vegetation in the
waterway upslope from site 8* During the severe events in
1979^ the weighted sediment size distribution at site 8
{Figure 13) was more coarse, possibly because of the
decreased trapping effectiveness of the natted-down
vegetation and the shorter duration of pondage for the
greater volume of runoff , as evidenced by flow over the
roadway during these events* In 1980, when less-severe
events comparable to those in 1976-1978 occurred, the
naterial transported at site 8 was more coarse than during
1979. This is attributed to the reentrainment of coarse
sediment deposited in the waterway in 1979 and to erosion in
the reconstructed waterway.
Comparing the field watersheds (sites 1 and 2) for
1976-1980, the watershed which had the greater amount of
runoff generally had a greater sediment load, and the
•aterial transported consisted of a larger percentage of
coarse-^sized particles* For the severe storms of 1979, the
particle size distribution of sediment transported from
these sites was nearly identical to the particle size
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distribution of the "in-place* soil. For events during
1976*1978 at sites 1 and 2« and at site 2 during 1980, the
particle size distribution o£ the transported sediment was
finer than for sediment transported during the severe
events. At site 1 during 1980 (when the watershed was
chisel plowed rather than moldboard plowed) , the particle
size distribution of the suspended sediment was more fine*
sized than for previous years and was less coarse than for
the sediment transported from site 2, which had been disked
(Figure 14}• This also corresponded with a substantial
decrease in runoff from the chisel plowed watershed, as
compared with the disked watershed. During years previous
to 1980, the field watershed to be planted to corn was
disked and the field to be planted to soybeans was moldboard
plowed. Generally, the field with the latest and more
intensive tillage experienced less runoff and sediment load,
and correspondingly, the particle size distribution of the
sediment transported also was less coarse.
Summary and Conclusions
Information from this study indicates the following
1. Changes in suspended-sediment concentrations,
particle size distributions, and runoff rates during an
event are directly related.
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2« During severe rainfall-runoff events in 1979,
sediment transported from the field to the intrabasin to the
channel Increased in the percentage of fine-^sized particles*
3. During the less-severe events of 1976-1978, the
distribution of the sedinent transported fron the intrabasin
station was the most fine-sized. In 1980, even though the
rainfall events were comparable to the 1976-1976 storms,
sediment transported at the intrabasin station was more
ccarse in size than during 1979, possibly because of
reconstruction of the waterway located above the station#
4. The load-weighted size distribution of sediment
transported during the severe dvents were measurably
different from those of the less-severe events*
5. The field with the more intensive primary tillage
had the least runoff and sediment loss and correspondingly
the sediment transported was sore fine-sized. Differences
in sediment size distributions were greater when comparing
the chisel plowing to the disking than when comparing the
iFoldboard plowing to the disking.
6. During severe events, the trapping effectiveness of
the grassed waterway decreased^ thereby allowing an
increased proportion of coarse material relative to fine-
sized material to be transported*
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Table 1. Description of sampling sites, 1979
Drainage Flow measuring and sampling
Site area Cover devices
ha
1 5.1 Corn 1.22 m H-L flume with PS-69
Interagency Sampler, single
stage samples, and hand grab
samples
2 6.4 Soybeans 1.22 m H-L flume with PS-69
Interagency Sampler, single
stage samples, and hand grab
samples
3 5.9 Bluegrass 1,22 m K-L flume with PS-59
pasture Interagency Sampler, single
stage samples, and hand grab
samples
8 149 Mixed cover Headwall and culvert with depth-
48% corn integrating sampler (USD-48)
36% soybeans
5% small
grains,
meadow,
etc.
11% other
5 3575 Mixed cover USGS Station (records good.
55% corn except during winter which are
32% soybeans poor) with depth-integrating
7% small sampler {USD-48)
grains,
meadow.
etc.
6% other
4 5055 Mixed cover USGS station (records good.
50% corn except during winter which are
30% soybeans poor) with depth-integrating
12% small sampler (USD-74)
grains,
meadow.
etc.
8% other
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PART III: CHANGES IN CHANNEL HORPNOLOGY NITHIN
AN AGRICULTURAL WATERSHED
Abstract
Channel widths, depths, and cross-secticnal areas of a
stream draining a SO.S'km^ agricultural watershed in Iowa
were conpared for several tiaes during the 196U-1980 period.
Land use became more row-crop intensive during this period,
with the channel progressively increasing in width and
depth* The average annual increase in channel area from
196U to 1980 was 2.75S (0.29 /yr) , with the larger
increases in channel dimensions associated with the more
recent 1977-1980 period.
Runoff and sedinent loads from the watershed, and.
subwatersheds, were investigated for 1976-1980. At the
field subwatersheds, snowmelt runoff was a sizable portion
of total runoff, yet erosion and sediment transport with
snowmelt was minimal. For the stream, sncwmelt sediment
load <as a percentage of the total annual load) was more
important than at the field sites, suggesting the
teentrainnent of sedirent by snowmelt* However, cross-
sectional data for 1964-1967 did not substantiate the
hypothesis of the flushing of sediment from the stream
channel during snowmelt with subsequent sediment deposition
77
during the sumner* Average sedinent load attributable to
channel contributions was estinated at 25 percent*
Introdu ction
Erosion and sediment transport and deposition present
serious econonic and environmental problens.
Identification, assessnentf and control of agricultural
nonpoint source pollutants (particularly sediment and
sediment'-related pollutants) have received widespread
attention since passage of the Federal Water Pollution
Control Act Anendnents of 1972 (P.L. 92-500). Frere (1976)
indicated that sedinent, on a total volune basis, is the
leading agricultural nonpoint pollutant of surface waters*
In addition to problems that sedinent poses to navigation
and decreases in reservoir storage, it also alters the
aquatic habitat, often adversely* The adsorption and
transport of nutrients, pesticides, and ether toxic
materials ifith sediment and the potential for later release
to water resources >6 also of concern*
Elimination of sediment from all surface waters is
physically and economically impractical* Instead, efforts
to control sedinent-related problems through application of
management and conservation practices capable of improving
water gpality are desirable* Although upland erosion from
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agricultoral areas often is recognized as the major source
of sedisent load, a secondary source may be stream channel
banlcs and beds*
Uolnan (1959) concluded that much of the bank erosion
process vas associated with moderate climatic events of
frequent occurrence rather than with extreme infrequent
events. Analysis of the annual distribution of sediment
load showed that 65% of the sediment was transpojrted during
the November*narch period*
Holman and Killer (1960) indicated that most of the
•work" of moving sediment from drainage basins was
accomplished by frequent flood flows of moderate magnitude*
Evidence indicated that, the more variable the flow regime
the smaller the drainage basin)r the greater was the
percentage of total sediment load transported by infrequent
events* The shape and patterns of channels were to some
degree adjusted to the discharges and sediment loads
provided by the drainage basin* Wolman and Killer also
indicated that at least 50% of the sediment removed from the
drainage basin resulted from low and moderate flows and that
90% was transported during discharges having recurrence
intervals of once every five years or less* Maximum
sediment loads did not necessarily coincide with peak flood
discharges* More channel erosion occurred during the winter
and snowmelt periods and was attributed to high stages
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occurring during periods when banks were prewetted
(saturated) •
Leopold and Haddock (1953) indicated that scour and
fill of the channel bed seened to be an adjustment of the
channel shape to varying sedinant loads and that, during
passage of floods, the channels of alluvial streans scour
aod fill with extreme rapidity. Over a period of years, the
adjustment in a channel reach to changes in suspended load
nay be made primarily by changes in channel shape and flow
resistance rather than by changes in channel slope. In the
western Leopold and Haddock found that spring floods
tended to leave the river bed at lower elevations than
before the floods but that the succession of sunner floods
tended to aggrade the bed to its previous level.
O'Loughlin (1969) discussed observations nade during
streambed investigations of small watersheds in New Zealand
and concluded that modern land-use changes (to more
intensive uses) often resulted in increased sedimentation in
the stream channel. They believed that a "bankfull" stage
was responsible for channel form.
Bennett and Selby (1977) indicated that a change in
land use from forest or pasture to more intensive uses
caused a general widening of the channel, with an
accompanying increase in the width-to-depth ratio.
Data of HcGuinness et al. (1971) showed pronounced
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differences in the seasonal transport of sediaent from 1-
and 2*acre watersheds as conpared with sediment discharged
£ro« a downstreaa location draining 6000 square miles. The
pattern of sediment yield from the small field areas
corresponded with the combination of El (rainfall energy
term) and cover factors, both of which peaked early in the
spring growing season. Surface runoff did not seem to be
related necessarily to the sediment yield pattern. For the
larger watershed, the pattern of suspended sediment
ttansport closely followed the pattern of river discharge
and was not as directly related to precipitation.
Ruhe and Vreeken (1 969) reviewed the channel
characteristics and their relationship to other factors
within the Four Mile Creek Watershed, Iowa (the same area as
for this study), naximum channel stage and discharge
cccurred generally in the early spring with snownelt and
with continued higher flows resulting from spring rains.
During the June^August period, flows generally decreased
substantially. Ruhe and Vreeken concluded that the
fluctuating water level was inportant in channel bed and
bahk cutting and channel filling. Channel scour and
deposition occurred during both rising and falling water
levels in the stream- Very little modification of the
longitudinal channel profile occurred. Nith time, widening
of the channel occurred generally at all of the cross
sections studied*
Johnson and Holdenhauer (1 970) found instances in lova
where channel erosion contributed mote than UOX of the
sediment yield from agricultural watersheds. They noted
that channel banks were damaged principally in two ways; by
direct removal of material by scour and by internal shear
failure resulting in sudden ca?ing« sliding, or sloughing*
Wildner and Boyce (1979) , in a study of soil loss and
sediment yield for 37 locations across the United States,
found that maximum soil losses from field areas, which
uormally occurred during severe rainstorir events in the May-
July period, did not immediately result in maximum sediment
yield from the larger watershed streams to which they
drained* It was hypothesized that sediments were deposited
in upland areas during summer events and were reentrained
during subsequent flows, mainly during spring snowmelt*
Haximum sediment yields from these watersheds occurred about
8 to 10 months after the maximum field soil losses.
Investigations of total sediment load from both field
and channel sources within the same watershed are few, yet
such information may be important in more completely
understanding sediment^related pollution problems* Many
assessment and modeling activities use the Universal Soil
loss Equation combined with application of sediment delivery
ratios to determine sediment yields from watershed areas*
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This could result in serious errors in estimating the
seasonal yield of sedinent and associated pollutants*
Therefore, during 1976-1960, the Iowa State Dniversity
Agricultural Engineering Departnent, in cooperation with the
Envitonmental Protection Agency's Environaental Research
laboratory, Athens, Georgia, vas involved in a project to
collect and evaluate data on sedinent, nutrient, and
pesticide transport from intensively cropped agricultural
watersheds ranging in size fron a few hectares to about 50
kni2 , The study site was located in a heavily cropped
region of Tana County in east-central Iowa. The
agricultural nonpoint pollution sources in the area are
representative of those in the north*central region of the
United States*
Specific objectives of the portion of the study
reported herein were:
1* to investigate the changes in channel siorphology
over an extended period,
2* to assess the channel contribution to the total
sedinent load from the watershed, and
3« to investigate the seasonal differences in channel
erosion and sedinent load contribution*
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Uatershed Description
The Four Mile Creek Watershed, located in northwestern
la«a County <42* 12* M* latitude and 92* 35 * H* longitude) ,
is contained within the lowa-rCadar rivers basin in the
eastern one-third of Iowa* The total watershed contains
5055 ha# has a northwest-southeast orientation, has an
average width of 3*5 Xm and length of 15 Ktn» and is typical
of heavily cropped regions in Iowa (Figure 1). Topographic
features and drainage characteristics are related to
glaciation during the Pleistocene period, with subsequent
•odification• Glacial till deposits nantle the bedrock to a
Baxinan thickness of 110 a, with nost of the till capped by
Hisconsin loess up to 11 n in depth on the ridgetops bat
thinning on the valley sides* Silt loan soils account for
nore than 90% of the watershed soils* Except in the very
upper reaches, where field tile systems have been installed,
the watershed has a well-defined drainage system*
The area has a hunid region clinate, subject to the
wide variety of weather conditions typical of Iowa and the
Midwest* The 30-year average temperature is 9*7® C, and the
18-year mean annual precipitation is 820 nun* The average
water yield for the M years of record on Four Hile Creek is
210 Bm# with an average discharge of 0*31 /s, innual
sedinent yields in this area are about 100 tonnes/kB^ but
vary considerably for small watersheds*
The elevation varies froa about 276 m in the channel at
the outlet to nearly 325 m in the upland areas. The main
channel is uell-incised in the alluvial silt and clay
floodplain, with nearly vertical banKs 2 n in depth in the
lover reach and around 1 n in depth in the upper portion of
the watershed* Average slope of the channel is about 2
n/kn* Portions of the channel were straightened in the
past.
Several subwatersheds were delineated during the
1976-1980 study (Figure 1). Sites 1 and 2, located near the
watershed divide, were smaller field-si^ed watershed^, which
represented single-cover conditions and individual crop
•anagement practices. Reference will be nade to these sites
£cr estimates of field erosion and sediment losses.
Site 6, an intrabasin station, was located on a large
grassed waterway approximately one-third of the distance
tetween sites 1 and 2 and the main stream channel. Plow at
site 6 was ephemeral.
Site U, located at the outlet of the entire watershed,
had a drainage area of 5055 ha. Flow at site U was
continuous except for the extremely dry period in late 1976
and early 1977 when streamflow ceased for a few short
intervals. The United States Geological Survey (DSGS)
maintained a gaging station for flow measurement at site 4.
Site an additional DSGS gaging station, was located
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5520 m above the watershed outlet and marked the upper
boundary of the 196U-1967 channel survey.
During 1964«-1967, the principal crops grown in the
lover portion of the watershed were corn, beans, and
alfalfa* Jit that time, almost one*thlrd of the watershed
was in pernanent pasture, with a small part of the upland in
timber (Kunkle, 1966}.
In 1979 and 1980, cropping within the entire watershed
was nearly 80% corn and soybeans; 12% snail grain, hay, and
pasture; and the rest in other noncropland uses* The
changes in land use from the initial to the latter study
period probably resulted because of crop production emphasis
in the early 1970s*
Methods and Procedures
During the 1964-1967 study of Four Hile Creek (Ruhe and
Vreeken, 1969), 10 channel stations were located, spaced
approximately 600 n apart, between the site 5 upstream
gaging station and the site 4 downstream station (Figure 1)*
Elevation measurements were made at 0.3-ro intervals from
bank to bank. Readings were made from a stretched cable
down to the channel bed or bank* During the 1976-1980
period, 15 cross sections were established on the main
channel of Four Hile Creek* The 10 most downstream stations
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were located at or near the 10 locations established during
the initial study. Five of the 10 original stations (1, 2,
a, 5, and 7) were located and reestablished. The other five
downstrean stations were located as near to the original
stations as possible* The five upstream stations vere
spaced at intervals of approxinately 1800
Section eeasurements were nade in the spring* after
snowraelt runoff, in 1977, 1978, 1979, and 1980»
Reasureaients also were made in August 1979 and in June and
Movenber 1980* Survey readings of distances and
corresponding elevations were nade at the breakpoints across
the channel section (as compared with 0.3-m station
intervals nade during the 1964*1967 study).
Hillians (1976) stressed the importance of specifying
the method used for designation of bankfull elevation and
recommended that, for rectangular channels, the bankfull
area be calculated from the plotted cross section by using
the bankfull level as visually identified in the field. In
this study, the channel bankfull elevation therefore was
selected to correspond with the lower of the two overbank
elevations as noted from the field surveys. This elevation
then was used to determine the location of the edge of the
opposite bank* Areas calculated were based on the channel
configuration between these left and right bank locations*
Channel width was the distance from the left to right
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overbank l&cations* and mean depth represented the cross*
sectioaal area at bankfull stage divided by the
corresponding uidth (Figure 2)»
Data for channel neasureaents, made at eight separate
tines in 196U-1967 and seven tines during 1977-1980, were
ccnpared as part of analyses of the changes that occurred
ever the 16*year period* Percentage changes in channel
dimensions and areas were calculated relative to the initial
Beasurements nade in 1964 by taking the difference in
neasurenents for two particular tines, dividing by the value
obtained in 196U, and multiplying by 100. Between 196U and
1980, one najor channel-straightening project was
undertaken, that being along approxinately a 300-n section
on which cross section station 8 was located* Therefore,
cross section 8 data were not used in any of the averages*
For analyzing the channel longitudinal profiles, the
bankfull elevation minus the mean depth of the channel was
used as the streambed elevation at each particular station*
The gaging station for nonitoring streamflow located on
the main Four Mile Creek channel was operated and maintained
by the USGS. During storm events, 5 to 10 samples of flew
(water plus suspended sedinent) at 1-* to 2*h Intervals were
collected by project personnel. During lover flows
(baseflow periods), daily samples of flow were taken*
Sanples were obtained by using standard depth-lntegratlng
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samplers (USD-7U and CSD-UB). The additional flow
•onitoring stations at sites 1, 2^ and 8 were established
and naintained by project personnel* Samples were collected
fcy autonatic sanpling (PS-69 Interagency saapler) » single-
stage sanpling* and grab saBpling» as described in Johnson
and BaKer (1981) -
Total runoff and sediment loads for the various sites
tor the 1976-1980 period were calculated per Baker et al.
(1979). Sediment load data for 1970-1972 (Schuetz and
Katthes, 1977) were used in combination with the sediment-
load data for 1976-1980 to determine an average watershed
sediment yield*
The average change in area for each of the cross
sections was determined for the 196U-1980 period on the
basis of the field survey data* The average change in area
at a particular station tines the length of channel
represented by the section (half of the distance to each of
the adjacent upstream and downstream stations) represented
the volume of sediment contributed by each particular
channel reach* An estimate of the total sediment load lost
from the channel was then determined on the basis of an
average bulk density of 1 .U g/cm^ • The average yearly
contribution of sediment froa the channel was compared with
the annual watershed yield*
Observations and data relative to the Four Mile Creek
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Watershed and strean channel systen are available for the
1964-1967, 1970-1972, and 1976-1980 periods in Ruhe and
Vreeken (1969), Kunkle (1968), Schuetz and Hatthes (1977),
Johnson and Baker (1981 , 1982)*
Results and Discussion
Figure 3 presents a comparison of annual precipitation
aiounts vith the long-tern averages for two locations within
24 km of the Four Mile Creek Watershed for the 1956-1980
period. This period was neithar overly wet nor dry, but
years of each extreme were observed (i*e«, 1965, 1969, and
1974 were quite wet, whereas 1956, 1963, and 1976 were dry)*
Both wet and dry years occurred in each of the 1964-1967 and
1976-1980 periods when channel observations were aade*
Table 1 presents cross-sectional area data for each of
the spring aeasurenents in 1964, 1967, 1977, and 1980*
During 1964-1967, the average increase in cross-sectional
area was The Increase in average cross sectional area
for the 1967-1977 and 1977-1980 periods were 2936 and ^2%,
respectively (2.9X and a 4.0% average annual increases for
these periods, relative to the cross-sectional area of
1964) . The average cross section from 1964 showed an
increase in area of 43% by 1980 or 0.29 per year. Figure
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presents percent changes in channel crcss-sectional areas
fotT967, 1977, a.nd 1980, relative to the cross-sectional
areas in 1964*
Only cross sections 1, 2, U, 5, and 7 were at the sane
exact locations for the entire 1964-1980 study. Analysis of
the five identical locations alone showed the sa^e magnitude
cf channel changes, with average increases of 5, 34, 13, and
b2% for the 1964-1967, 1967-1977, 1977-1980, and 1964-1980
periods, respectively •
Most of the cross section stations increased in width
with the passage of time, as illustrated in Figure 5.
Channel width increased 4, 9, 4, and 18r, for the 1964-1967,
1967-1977, 1977-1980, and 1964-1980 periods, respectively.
The average annual increase in width over the entire period
was 1«1%« Channel mean depth showed a decrease of close to
for the 1964-1967 period but an increase cf nearly 21X
for the overall period of 1964-1980 and 17 and 5X for each
of the 1967-1977 and 1977-1980 periods, respectively.
Channel bed profiles for 1964 and 1980 are presented in
Figure 6. Profiles for 1967 and 1977 also were reviewed but
were alo-ost identical to the 1964 and 1980 profiles,
respectively. The downstream portion of the channel near
the watershed outlet (stations 1 through 4) degraded
relatively uniformly during 1964-1980. Station 5 did not
degrade appreciably probably because it was located on a
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sharp bend and appeared# during field investigations, to
have a nore stable bed than any of the other stations*
Stations 7, 9, and 10 also did not degrade noticeably during
this period* Aggradation at station 7 ccpld have resulted
from degradation in the channel reach near station 8, which
nas straightened between 1967 and 1977. Stations 9 and 10,
located on a more meandering portion of the stream, also are
located downstream from a straightened portion of the
channel (extending nearly 1200 m)• Review of the 1977-1980
cross-sectional data for the five most upstream stations
(llr 12, 13, 14, and 15) showed no appreciable change in
channel profile, althcugh the stream had widened*
Data for 1964-1967 and 1977-1980 were analyzed to
determine differences in the channel cross sections for the
winter-spring snowmelt versus the summer rainstorm seasons*
Analysis of available data (Table 2) suggested that, for the
spring 1979 through fall 1 980 period, the severe erosion-^
runoff events in the summer of 19'79 (Hamlett et al*, 1981)
resulted in a small decrease in the average cross-sectional
area. Further, during the late spring and summer of 1980,
the cross-sectional areas again decreased* The average
cross-sectional area increased during the August 1979 to
April 1960 period, undoubtedly due to snowmelt*
However, data for the spring and fall measurements for
1964-1967 (Table 3) showed a sequence of changes in the
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Channel dinensions opposite that during 1979'1980« with an
increase in channel area occurring in the suaner and a
decrease occurring during the winter*
loai dais
Land use in the Four Nile Creek Watershed became more
row-crop intensive from 1964 to 1980 with a change in the
percentage of land in row crop increasing from 55% to more
than 80% in the 1970-1980 period alone, at the expense of
land in meadow, small grains, and set-aside (Johnson and
Baker, 1962) • An increase in runoff and sediment load
should accompany such a conversion to more intensive land
use •
Conparisons of annual runoff and sediment loads for the
field, intrabasin, and watershed cutlet stations are
presented in Figure 7. The latter part of 1976 and the
early portion of 1977 were quite dry, resulting in no
appreciable snowmelt within the watershed during 1977.
During 1976-1980, snowflielt runoff was more than half of
the total surface runoff at the smaller field sites, yet the
sediment load with snowmelt was only about 6% of the total
sediment load for this period* At the intrabasin station
(site 8) , snowmelt runoff was not quite half of the total
surface runoff. However, the snowmelt sediment load at site
0 was a larger percentage (10%) of the total load as
compared with sites 1 and 2* Sediment previously deposited
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OD upland areas (nost likely during the previous summer
period) possibly was leentrained by the lou'-sedinent-
carry^ng snowmelt runoff as it aoved froa the field to the
strean channel. At the channel station (site 4), on the
average, about 40% of the total annual surface runoff (base
flow was separated from stream flow to obtain surface
runoff) was due to snowmelt; yet the amount cf sediment
load, as a percentage of the yearly total, was greater than
at the field or intrabasin locations, 25% as opposed to 6
and 10%, respectively. The resntrainnent of previously
deposited sediment from upland deposition areas and/or
scouring of the channel bed and baaks is a possible
explanation for these differences* Or, growing vegetation
in the summer may decrease the sediment delivery ratio
relative to that during snowmelt when snow has packed down
material on the soil surface and in waterways*
Estimates of sediment load from the channel were
compared with the measured sediment loads from the watershed
cutlet (site U) to determine the channel contribution to the
total watershed sediment yield (Figure 8). The channel
contribution ranged from none in 1977*1978 (after a dry
period) to nearly 100S during 1978-1979 (tine periods extend
from the end of snowmelt of one year to the end of snowmelt
for the next year). With use of the 1964-1980 channel
section data and the 1970-1972 and 1976-1980 watershed
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sediment-yield data, the average total sediment load and
channel contributed lead were deternined, and are shown by
the ''average*' section on Figure 6*
Only cross sections 1 through 10 (representing a
channel length of 5520 m) were aeasuted during the 196W-1967
period, whereas the 1977-1980 aeasurenents included sections
1 through 15 (channel length of 13,230 n) • Thus, channel
section enlargenent upstream fron section 10 during
196U'-1977 could not be assessed. Assuming that the sediment
from sections 1 through 10 represent all the channel
contribution of the watershed (a conservative assumption),
an average sedinent lead due to the channel of 25% is
calculated* If the average change in channel area for the
lower >0 stations for the 196U-1977 period is assumed to
represent the entire channel length of 13,230 n, then the
average channel contribution is nearly half of the total
watershed sediment yield* Realistically, the actual
sediment yield due to channel contributions is somewhere
between 25 and 50^*
Although longer term averages of both channel changes
and total sediment load would be desirable, the available
^ata do indicate that the creek channel itself did
contribute appreciably to total sediment load from the
watershed*
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Sunnary and Conclusions
During 1964-1960, the channel of Four Rile Creek
incteased in cross->sectional area, resulting in a
significant contribution to the total watershed sedinent
yield. Estimates of total sediment yield attributable to
both upland and channel sources were determined on the basis
of measured watershed sediment yield and changes in channel
areas* Anoants and timing of runoff and sediment loads from
the Four Rile Creek Watershed and smaller subwatersheds were
investigated•
The following conclusions are offered on the basis of
this study:
1. During 196U-1980, the stream channel progressively
widened and deepened as land use in the agricultural
watershed became more row-^crop intensive*
2. As a result of the degradation and widening, the
stream channel area increased about 0*29 annually
(2.7X/yr relative to a base value for 196ti).
3* The larger increases in channel dimensions seem to
have occurred during the more recent period of 1977-1980.
At the smaller field sites, snownelt runoff was an
important and sizable portion of total annual runoff, yet
erosion and sediment movement with snowmelt was minimal.
5. For the stream outlet, snowmelt sediment load (as a
percentage of total load) was more important than at the
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ileld sites, suggesting possible reentralnnent of previously
deposited sediment by snownelt*
6« Flushing of sediment frosi the channel during
snoHitelt (accounting for the ''extra" sedinent load in the
channel) vlth subsequent deposition in the channel during
the summer seemed to occur during 1979-1980* Data from
196U'^1967 did not substantiate this hypothesis, however, and
further investigation is needed to resolve this issue*
7. For this watershed, the channel contributed at least
25% of the total watershed sediment load*
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Table 2. Area of channel stations on Four Mile Creek,
Tama County, Iowa, 1979-1980
Cross April August April June Nov.
Section 1979 1979 1980 1980 1980
Station
1 15.89 15.95 16.45 16.29 15.75
2 18.65 20.14 18.92 19.82 19.59
3 13.10 13.25 13.49 13.37 13.34
4 13.81 13 .13 13.96 15.85 15.01
5 14.20 14.29 13.77 14.47 13.71
6 17.57 20. 68 19.86 12.79^ 12.13^
7 19.00 19.01 18.79 12.50^ 8.34^
8 6.03 6.14 7.26 8.52 8. 18
9 11.93 12.20 12. 13 10.29 8.81
10 11.95 9.30 11,78 11.18 11.58
11 10.42 10.09 10.51 9.96 9.95
12 16.06 15.49 16.31 16.22 15.85
13 6.83 7.80 7.82 5.47 6.79
14 3.94 4.25 4.32 4.81 4.91
15 9.54 8.57 9.47 9.21 9.28
Ave^ 11.72 11.58 12.01 11.96 11.75
^Channel section was modified at this location
by the local landowner.
b Stations 5 and 7 were not included in average
area calculations due to modifications.
Table 3. Area of channel stations on Four Mile Creek,
Tama County, Iowa, 1964-1967
Cross
Section
Station
June
1964
Nov.
1964
April
1965
Oct.
1965
April
1966
Sept,
1966
March
1967
1 7. 20 8. 10 7. 62 8. 21 7. 70 8 .36 7 .46
2 12. 10 11, 79 12. 44 11. 79 12. 11 12 .81 11 .94
3 10. 80 10. 73 10. 60 10. 94 10. 81 11 .09 10 .84
4 9. 91 9. 87 10. 28 11, 06 10. 27 11 .22 10 . 17
5 10. 46 10. 64 10. 50 10. 65 10. 08 — _a — -a
6 12. 93 13. 22 12. 96 13. 15 12. 87 13 .11 12 .29
7 14. 11 14. 00 14, 20 14. 19 15. 22 - 15 .76
8 9. 79 9. 67 9. 94 9. 01 9. 84 10 .21 8 .58
9 10. 83 10. 67 10. 80 10. 64 10. 62 11 .09 11 .25
10 8. 95 9. 05 8. 45 8. 75 8. 38 9 .39 8 .67
Ave 10. 71 10. 77 10. 78 10.
CO
10. 79 10 .91 10 .77
Ave'^ 10. 31 10. 39 10. 39 10. 44 10. 33 10 .91 10 .15
Data not available.
Average area excluding stations 5 and 7.
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Figure 8. Sediment yield of watershed due to channel
and upland erosion
no
SUKHARY
The variations in precipitation, volume of runoff, and
sedinent transported from six nested agricultural watersheds
during the severe and less-severe storms of 1976-1980 were
investigated* During the less-severe storns, runoff fron
the field-sized watersheds w»ce substantially affected by
the degree and timing of tillage; whereas, during severe ,
events, appreciable differences in tillage and canopy did
not affect surface runoff. Runoff at the watershed outlet
tsite 4) was less dominated by rainfall-runoff events than
was the runoff from the field and intrabasin watersheds.
The sediment load, on a unit-area basis, decreased when
comparing the field to the intrabasin to the channel
stations, and sediment deposition in small pondage areas
within fields was often appreciable. The severe events of
1979 accounted for the majority of the sediment movement
from the watersheds during 197S-1960, especially at the
field and intrabasin locations. Suspended-sediment
concentrations in runoff generally preceded or occurred
simultaneously with the peak runoff rates. Sediment
concentrations in runcff from the watershed in soybeans were
generally greater than from the watershed in corn, except
during 1960 when the watershed in soybeans was chisel plowed
rather than moldboard plowed. However, the total annual
sediment losses were greater from the watershed in corn
in
during the years of the less^severe events because the
effects of tillage in decreasing runoff outweighed the
differences in suspended'-sedinant concentrations. The
watershed in permanent pasture typically had negligible
runoff and sedinent losses*
The size distribution of'transported sedinent changed
during an event for a given site and also varied depending
on the location and size of the watershed. During less-
severe aventSy on a relative basis the intrabasin station
exhibited the most fine-sized sediment enrichment and the
sediment from the overall watershed (site U) and the field-
sites were more coarse, with the field-sized watersheds
teing the nost coarse. In contrast^ during the severe
events, the nost fine»slzed sediment enrichment occurred at
the watershed outlet, rather than at the Intrabasin station.
The storm-weighted size distributions at the watershed
cutlet were similar for all Kay-July events. At the field
and intrabasin stations, the storm-weighted distributions
from the severe events were quite dissimilar from the less-
severe events, with more coarse sediment transported during
the extreme events.
Dimensions of the main channel of the watershed were
compared for several periods during 1964-1980. Land use
became more row-crop Intensive during this time, and the
channel progressively increased in width and depth. The
112
average annual increase in channel area was 2.7% during the
16 years* with the larger increases associated with the nore
recent 1977-1980 period. At the waterhed outlet (site (t) ,
snowmelt sedinent load (as a percentage of the total annual
load) was nore important than at the field sites, i&uggesting
reentrainment of sediment by snowmelt* However, cross'^
sectional data for 196U-1967 did not substantiate the
hypothes-is of the flushing of sedinent from the stream
channel during snowmelt with subsequent sediment deposition
during the summer* Average sediment load from the watershed
that was attributable to channel contributions was estimated
to be at least 25%*
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